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为无害的氮气。本文采用 CWAO 处理氨氮废水，从解决催化剂活化氧能力及 pH
对反应的影响这两个角度出发，进行催化剂及弱酸对反应影响的研究。首先，利
用 Pd 和 Ni 的协同作用，研制出低温高效双金属 PdNi/Darco G60 催化剂。然后，
根据 pH 对氨氮氧化反应的影响，创新性地利用弱酸根离子调节反应过程中 H+
的量，在温和的反应条件下提高催化剂催化湿式氧化性能。主要研究结果如下： 
第一，载体和制备方法筛选表明，化学还原法制备的 Pd/Darco G60 催化剂
催化湿式氧化氨氮性能最佳，当 Pd 负载量大于 3%时，热处理温度对催化性能影
响较大。Pd/Darco G60 催化剂具有一定的抗硫性能，硫会降低催化剂活性，但影
响不大。第二活性组分 Ni 的添加可进一步提高 Pd/Darco G60 催化剂的催化性能。
当 Pd:Ni 的质量比为 2:1 时，效果最好，在 140 ºC 时氨氮转化率接近 100%，即






提升有利于反应活性的提高；2）弱酸分子的生成也导致 HNO2 ⇌ NO2- + H+电离
平衡右移，NO2-量的提升有利于 NH4++NO2-=N2+2H2O 反应，进而导致氨氮转化
率和 N2选择性的提高。 
第三，弱酸根的加入进一步提高了 PdNi/Darco G60 在温和反应条件下的氨
氮催化氧化性能；显著改善了 Ru/TiO2 和 RuCo/TiO2 催化剂对 N2 的选择性。氨
氮催化氧化反应对表面氧活性和覆盖度的要求差异导致 RuCo/TiO2 在碱性较强



















The pollution of wastewater containing ammonia becomes more and more serious 
and harmless treatment of ammonia wastewater is crucial. Among the treatment 
methods, catalytic wet air oxidation (CWAO) is an effective technology for ammonia 
harmless treatment. In this work, CWAO is used to treat ammonia containing 
wastewater. The catalyst and the effect of weak acid on reaction are studied from two 
aspects: the ability of the catalyst to activate oxygen and the effect of pH on the reaction. 
The high efficiency bimetallic PdNi/Darco G60 catalyst is developed, which can work 
under mild conditions due to the synergistic effect of Pd and Ni. According to the effect 
of pH on the oxidation of ammonia, the weak acid ion is used to adjust the amount of 
H+ in the reaction process. The main achievements are obtained as follows: 
Firstly, a series of monometallic palladium catalysts are prepared to study the 
effect of different supports. The results show that Pd/Darco G60 which is prepared by 
chemical reduction method has the best catalytic performance among the catalysts. 
When the Pd loading is greater than 3%, the thermal treatment temperature has a great 
influence on the catalytic performance. Sulfur will reduce the catalyst activity, but just 
little. The addition of second metal component Ni on Pd/Darco G60 catalysts can 
improve the catalyst activity, and the best mass ratio of Pd: Ni is 2:1 based on the 
experimental results in this thesis. The ammonia decomposition is nearly 100% at 140 
ºC and more than 80% at 120 ºC for such a catalyst. These catalysts are characterized 
by XRD, CO-TPR, XPS and the results are revealed that there is interaction between 
Pd and Ni over PdNi/Darco G60 catalysts and the co-presence of Pd and Ni can 
effectively adjust the reactivity and coverage of oxygen species. 
Secondly, the addition of weak acid anions was investigated. The results illustrate 
that the present of weak acid can effectively reduce the dependence of pH on the 
reaction system, and improve the catalytic oxidation activity of ammonia and the 
selectivity to N2. The effect of weak acid ions is attributed to two asepcts: 1) weak acid 
















because of H+ consumption. The increase of NH3 concentration is beneficial to the 
improvement of reaction activity. The formation of weak acid molecules also results in 
the HNO2⇌NO2-+H+ ionization equilibrium shifting to the right. The increase of NO2- 
is beneficial to NH4++NO2-=N2+2H2O. It will increase ammonia conversion and N2 
selectivity. 
Thirdly, the addition of weak acid anions further improve the catalytic oxidation 
performance of PdNi/Darco G60 under mild reaction conditions. The addition of weak 
acid can significantly improve the N2 selectivity over Ru/TiO2 and RuCo/TiO2 catalysts. 
The difference of surface reactivity and coverage of oxygen species leads to the 
catalytic oxidation activity of RuCo/TiO2 in the solution of pH equal to 12 is better than 
that of Ru/TiO2, but lower than Ru/TiO2 in the solution of pH equal to 8. 
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另一方面来自含氮有机物处理的中间产物[2, 3]，如图 1 所示，在氧化处理含氮有
机物时，CXHYNZ 被氧化分解成苯酚和铵根离子[3]，这两种物质都需要进一步氧
化处理才能除去水中的 C 和 N，使废水达到排放要求。 
 
 
图 1.1 含氮有机物氧化机理 
Figure 1.1 Global scheme of nitrogenous organic compounds oxidation 
 
氨氮在废水中以 NH3分子或者 NH4+离子两种形式存在，两者的含量比例主
要取决于废水的 pH 值、温度和盐度等因素。常温下，当水体 pH 值大于 11 时，




























标准 15 mg/L，二级标准 50 mg/L。对焦化废水中氨氮的排放标准分为三级：一





表 1.1 各重点流域主要污染因子变化情况表 




淮河 COD、氨氮、BOD5 氨氮、TP、COD 
海河 COD、氨氮、BOD5 氨氮、COD、TP 
辽河 COD、氨氮 氨氮、BOD5 
黄河中上游 COD、氨氮 氨氮、BOD5 






    目前比较典型的生物法处理氨氮废水过程是用特定的细菌，将好氧硝化与厌


























或者以离子态的 NH4+形态存在，所以要达到有效的吹扫，一般要求将 pH 调节















































湿式氧化法最早可以追溯到 1911 年的 Strehlenert Process of wood 技术专利
和 1927 年湿法冶金硫化锌氧化工艺专利[8]。美国在这个领域的大规模研究大约
是在 20 世纪 50 年代，当时湿式氧化法的发展是为了将生物法难以处理的有机大
分子污染物，氧化成传统的废水处理装置易于处理的小分子物质。到了 1960 年
代，已经有几项大型的 WAO 装置由 Zimpro 公司建设投入使用[8]。 
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